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(g) Method of treating the surface of an absoibent resin. 

(Sf) A method of treating the surface of an absorbent resin, which comprises mixing (A) 100 parts by 
weight of an absorbent resin powder possessing a carboxyl group. (B) 0.01 to 30 by we^ht of a 
cro^inking agent, (C) 0 to 50 parts by weight of water, and (D) 0 to 60 parts by weight of a hydropM c 
organic solvent in a high-speed stirring type mixer provided with an inner surface fdmned substanbally 
of a substrate (1) possessing a contact angle of not less than about 60* witti respect to water and a heat 
distortion point of not lower than about 70^*0 and completing reaction of said absorbent resin powder 
(A) w^ said cross-linking agent (B). 
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The pres nt invention relates to a method of treating the surface of an absorbent resin^ore Particularly, 
tt folates to a method of treating the surface fth abs rbent resin by crossllnking th surfaceregton f ttre 
absorbent resin homogeneously and effectiv iy using a crossiinking agent to obtain an absorbent which ts 
excellent in absorpti n rate under pressure, water-retaining property under pressure and liquid penmeablity. 
and Is suitable for use as a material in a sanitary article such as a sanitary napkin, a disposable diaper, etc; 
as a water-retaining agent for agriculture and horiculture and aforestation; and as a material for other various 
absorbent articles. 



Description of the Prior Art 



Attempts have been made heretofore to use an absorbent resin as one of the component materials for such 
sanitary articles as sanitary napkins and disposable diapers which function to absorb body fluids. Absorbent 
resins of this nature heretofore known to the art include a hydrdyzed starch^crytonitrile graft polymer (U.S. 
Patent No. 3,661 ,815), a neutralized starch-acrylic acid graft polymer (U.S. Patent No. 4,076,663), a saponified 
vinyl acetate-acrylicester copolymer (Japanese Patent Laid-Open SHO 52(1 977)-1 4.689), a hydrolyzed 
acrylonitrile copolymer or acrylamlde copolymer (Japanese Patent Publication SHO 53(1 978)-1 5.959), cross- 
linked products thereof, a partially neutralized potyacrylic acid, and a partially neutralized cross-linked polyao- 
rylic acW (Japanese Patent Laid-Open SHO 57(1982)-34,101). 

Characteristic properties expected in absorbent resins include high absorption capacity, outstanding 
absorption rate and liqiud pemieability. and large gelstrength. These characteristic properties, however, are 
not effected simultaneously. That is, there are disadvantages that an absorbent resin having a high gel strength 
possesses a low absorption capacity, the absorbent resin having a high absorption capacity possesses a low 
absorption rate because of gel blodcing phenomenon or low gel strength after absorption. Attempts have been 
made to Increase the absorption rate by decreasing the particle size of the absorbent resin, granulating the 
absort)ent rosin, or forming the absorbent resin in flakes. Generally, when the absorbent resin is fomied in a 
sman particle size, the resin particlesoncontactwitii urine convert themselves intowhatresembles wetted dus- 
ters of flour possibly to an extent of lowering the absorption rate. When the absorbent resin Is formed in the 
form of granules, there ensues a phenomenon that the granules tiiemselves independently convert into wetted 
dusters on contact witti urine and tiie absorption rate is lowered. When ttie absort>ent resin is formed in the 
form of flakes, though ttie absorption rate is fairiy Improved because tiie gel blocking does not occur, ttie absorp- 
tion rate is not sufficient and the production of tiie absorbent has a restriction from the standpoint of process 
because ttie formation of the absortient resin in the form of flakes Is not economical because the produced 
absorbent resin Inevitably becomes bulky and necessitates larger fadlities for transportatfon and storage. 

On the other hand, a technique for improving ttie absorption rate and the gel strengtti after absorption is 
by crossiinking molecule chain on the surface region of ttie absorbent resin to increase ttie crossllnking degree 
of the surfece region without substantially decreasing ttie absorption capacity. 

These techniques have been disdosed in Japanese Patent Laid-Open SHO 57(1982)-44.627, Japanese 
Patent Uid-Open SHO 58(1983>-42.602, Japanese Patent Publication SHO 60(1985>-1 8.609, U.S. Patent No. 
4,686,983. U.S. Patent No. 4.497,930. and U.S. Patent No. 4.734.478, for example. The absorption rate and 
gel strengtti after absorption can be improved by the above mentioned surface treating techniques, but there 
are some disadvantages in tfiat it requires a large amount of an organic solvent or is insuffident In nrUxing when 
ttie surface treating agent is mixed with the absorbent resin. 

On tfie ottier hand, recenUy, it has been found that the water retaining roperty and absorption rate under 
pressure are required as properties of ttie absorbent resin. Furttier, when the absorbent resin Is used for a dis- 
posable diaper, ttie absorbent resin is used by dispersing among ttie pulp fibers, and liquid high permeability 
is required In such a case. 

Accordingly, an object of ttie present inventton Is to provide a novel mettiod of treating ttie surface of an 
absort>ent resin whidi is Industrially and economically excellent 

An object of the present invention fs to provide a mettiod of treating tine surface of ttie absorbent resin which 
is effective for obtaining an absorbent possessing high absorption rate under pressure and high water retaining 
property under pressure. 

Still another object of ttie present invention is to provide a mettiod of treating ttie surface of the absort>ent 
resin which is effective for obtaining ttie absorbent possesing excellent liquid penneabnity when it is used by 
dispersing among pulp fibers and the like. 

The objects described above are accomplished by a mettiod of treating the surface of an absorbent resin 
powder, whteh comprises mixing (A) 100 parts by weight of an absorbent resin powder possessing a caboxyl 
group, (B) 0,01 4o 20 parts by weight of a cross-linking agent (C) 0 to 50 parts by weight of water, and (D) 0 to 
60 parts by weight of a hydrophilto rganic solvent in a high-speed stirring type mix r provided with an Inner 
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surface formed substantially of a substrate possessing a contact angt of not less than about 60* with respect 
to water and a h at distortion p int of not lower than about 70'* and completing the reaction of the absorbent 
resin powder (A) with the cross-linking agent(B). , „ ^ ^ n i. 

In accordance wHh the present invention, the absorbent resin powder (A) is ideally mbced wrth the cfosslink- 
ing ag nt(B) and, as a result, the produced absorbent has high absorption rate under pressure and water retain- 
ing property under pressure and shows excellent liquid penneabaity when it is used by dispersing among the 
pulp fibers and the like. 

The absorbent resin thus obtained may be used for sanitary field such as disposable diapers, sanitary nap- 
kins and disposable towels, for cM engineering field such as water sealing agent, dewproofing agents and 
sludge coagulating agents, for architectural field such as humidity controlling agente, for agricultural and hor- 
ticultural field such as seed and seedling preserving sheets, for foodstuff packaging field such as freshness 
preserving iroterials. dehydrating agents and desiccants. for medical field such as flood absorbents and and 
surgical sponges, for electrical field such as water sealant for cables and humidity seasons, and other oil-water 
separating agents, sweat absorbents,water swellable togs ton exchanging resins, and they can absorb aqueous 
liquids such as water, urine, blood, steam, meat juices, ion-containing water including sea water, aqueous sol- 
utfon dispersing organics, etc. 

In the drawings: 

20 Fig.1 is a sectional view of an embodiment of a mixer used in the present invention. 

Fig. 2 is a sectional view of an apparatus for nr^easuring water-retaining property under pressure, and 
Fig. 3 is a sectional view of an apparatus for measuring liquid permeability. 

The absorbent resin powder (A) to be used in the present invenion is required to possess a carboxyl group. 
The absorbent resin powdere which answer this description include hydrolyzed starch-acrylonitrile graft 

25 copolymer, partially neutralized starch-acrylonitrile graft copolymer, saponified vinyl atetate-acrylic ester 
copolymers, hydrolyzed acrylonitrile copolymers or acrylamide copolymers, cross-linked products of the 
copolymers.partially neutralized polyacrylic acid . and cross^inked products of partially neutralized polyacrylic 
acid which are invariably in a powdered form, for example. These absorbent resin powders may be used either 
inependentiy or in the lorn of a mixture of two or more members. Though the absorbent resin powder (A) per- 

30 feraWy possesses a cross-linked structure, it may be used effectively in a iom destitute of such a cross-linked 

^'^^the various powdered absorbent resins (A) mentioned above, those which prove to be particulariy desi- 
rable are ttie absorbent resins to be shown below in (1) to (5). 

(1) The powdery alkali metal acrylate polymer obtained by themially drying a geWike v(rater.containIng 
35 polymerformed by copolymerizlng 100 parts by weight of an acrylic acid salt monomer compnsing 1 to 50 

mol% of acrylic ackJ and 99 to 50 mol% of an alkali metal acrylate and 0 to 5 parts by weight of a crossHlnkIng 
monomer In an aqueous solution having a monomer concentration of not less than 20% by weight 

(2) The powdery resin obtained by dispersing the aqueous solution of acrylic acid and/or an alkali metal 
acrylate containing a water-soluble radical polymerization initiator and optionally a cross-Unking monomer 

40 in an alicydic and/or aliphatic hydrocarbon solvent In the presence of a surfactant possessing HLB in the 

range of 8 to 12 and suspension polymerizing the resultant dispersion. 

(3) The powdery saponified copolymer of a vinyl ester witti an ethylenically unsaturated cart)oxyllc acid or 
a derivative thereof. 

(4) The powdery absort>ent resin obtained by polymerizing starch and/or cellulose, a monomer possessing 
45 a cart>oxyl group, or capable of fcnning a cart>oxylic group in consequence of hydrolysis and optionally a 

cross-linking monomer in an aqueous medium and optionally further hydrolyzing the resultant PO»ymer. 

(5) The powdery absort)ent resin obtained by causing an alkali substance to react upon maleic anhydride 
copolymer comprising maleic anhydride and at least one monomer selected from the group consisting of 
a-oleflns and vinyl compounds and optionally causing a polyepoxy compound to react with the resultant 

* Tho*S£^t^^^ of the cart>oxyl group possessed by the absorbent resbi powder (A) Is not apecffically 

limited, the carboxyl group is prefarable to be present in an amount of not less than 0.01 equivalent, based on 
1 0Og of ti^e absort>ent resin powder (A). In the case of a partially neutralized polyacrylic acnJ. for e^amp^^^^^ 
prw)rtlon of ttie unneutrallzed polyacrylic acid is preferable to be in the range of 1 to 50 mol%, preferably 6 

^ The^Lhape of particles of the absorbent resin poeder (A) to be used In the present invention is "Ot speci- 

fically limited. It may be the sphere shape obtained by the reversed-phase suspension polymanzation. the flak 
shape obtafned by drum drying, or the indefinite shape particl s obtained by pulverizing resin dusters. 
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The eras-linking agents (B) which are usable In the present invention include compounds possessing in 
th molecular unit th roof at least two functional groups capable f reacting with the carboxyl group and poly- 
valent metal compounds. Th crss-linking ag nts which are usable as th component (B) in the present inv n- 
Oon include pdyhydric ale h Is such as ethylene glycol, dl thylene glycol, tri thylene glycd.tetraethylene 

5 glycol, polyethylene glycol, glycerin, propylene glycol, diethanol amine, triethanol amine, polyoxy propylen , 
oxyelhylene-oxypropyiene blodc copolymer, pentaerythritol, and sorbitol, polyglycldyl ether compounds such 
as ethylene glycol diglycidyl ether, polyethylene glycol diglycWyl ether, glycerd polyglycidyl ether, diglycerol 
potyglycidyl ether, polygiycerol polyglycidyl ether, sorbitol polyglycidyl ether.pentaerythritd polyglycidyl ether, 
propylene glycol diglycidyl ether, and polypropylene glycol diglycidyl ether, polyaziridine compounds such as 

10 2,2-bishydroxymethyl butanol-trisI3.(1-azir!dlnyI)proprionat9], 1,6-hexamethylene diethylene urea, and 
diphenyl methane-bis-4.4'-N.N'- diethylene urea, haloepoxy compounds such as epichlorohydrin and a- 
methytfluorohydrin. polyamin compounds such as ethylene diamine, diethylene triamlne, triethylene tetramine, 
tetraethylene pentamine, pantaethylene hexamine, and polyethylene imine. polyisocyanate compounds such 
as 2,4-toluylene diisocyanate and hexamethytene dflsocyanate. hydroxides of zinc, calciunv magnesium, 

IS aluminum. Iron, and zirconium, halogenides. and polyvalent metal compounds such as salts (represented by 
sulfates), for example. One cross-linking agentortwo or more mutually unreactive cross-linking agents selected 
from the group mentioned at>ove may be used. 

Among other compounds mentioned above, those compounds possessing in the molecular unit thereof at 
least two functtonal groups capable of reacting with a carboxylic group prove to be partteulariy desirable. It is 

20 partksularty preferable to use at least one compound selected from the group consisting of diethylene glycol, 
triethylene glycol, polyethylene glycol, glycerin, polyglycerin, propylene glycol, diethanol amine, triethanol 
amine, polyoxy propylene, oxyethylene-oxypropylene block copolymer, sorbltan fatty acid esters, 
polyoxyethlene sorbltan fatty acid esters, trimethylol propane, pentaerythritol. and sorbitol. 

The proportion of the cross^inking agent (B) to be used in this invention is in the range of 0.01 to 30 parts 

25 by weight, preferably 0.1 to 10 parts by weight So long as this proportion is in this range, the produced absor- 
bent excels in absorption rate under pressure, water retaining property under pressure, and liquW pemieabBity. 
If the proportton exceeds 30 parts by weight the excess is wasted without producing any economic effect and 
suffered to overburden the accontplishment of a proper cross-linking effect and decrease the absorption 
capadty of the produced absoitenL Conversely, if this proportion is less than 0.01 part by weight, the effect 

30 of this inventton is attained only with difficulty. 

In the present invention, water (C) may be used during the mixing of the absorbent resin powder (A) with 
the cross-linking agent (B), The water (C) functions to pronwte uniform dispersion of the cross-linking agent 
(B) on the surface of the absorbent resin powder (A) and permeatton of the cros&-linking agent (B) in the surface 
regton of the particles of the absorbent resin powder (A). When Uie polyvalent metal compound is used as the 

35 cfoss-linking agent (B), the water (C) Is effective in promoting the reaction of the cross-linWng agent (B) with 
tiie absorbent resin powder (A). It is perferable in this case to use the water (C). 

In the present invention, when water (C) is used during mixing of the absorbent resin powder (A) and the 
cross-linking agent (B), an absorbent having higher absorption rate under pressure, higher water retaining prop- 
erty underpressure, compared to one without using water (C) can be obtained. That is, in the present Invention, 

40 an amount of water to be used is in the range of 0 to 50 parts by weight, preferably 0.5 to 40 parts by weight, 
more preferably 2 to 40 parts by weight of per 100 parts by weight of the absorbent resin (A). If the amount of 
water (C) exceeds 50 parts by weight, the heat treatment consumes an unduly long time and ttie cross-linking 
agent (B) is caused to permeate to tiie cores of the particles of ttie absorbent resin powder (A) and the absorp- 
tion capacity of the produced absorbent will decrease too much. Further, the absorbent resin powder (A) tends 

45 to form wetted clusters and the mixing will not be uniform. 

The hydrophSIc organic soh^ent (D) which is optionally used in the present invention is only required to be 
suc^ that it wBI unifbrmly mbc with the cross-llnWng agent (B) and refrain from producing any adverse effect 
upon the quality of ttie absorbent resin powder (A). The hydrophHic organic solvents which answer this des- 
cription include lower alcohols such as methanol, ethanol. n-propanol. isopropanol, n-buland. Isobutanol, see- 
so butanol, and t-butano!, ketones such as acetone, methylethyl ketone, and methylisobutyl ketone, ettiers such 
as dioxane, tetrahydrofuran, and dietyl ettier, amWes such as N.N-dimethyl formamide and N.N-diettiyl fbr- 
mamlde, and sulfoxides such as dimettiyl sulfoxide, for example. The hydrophilic organic solvent (D) functions 
to effect uniform dispersion of ttie cross-linking agent (B) and ttie optionally used water (C) on the surface of 
the absorbent resin powder (A). 

55 The amount of ttie hydrophilic organic solvent (D) to be used in ttie present invention is in ttie range of 0 

to 60 parts by weight, preferably 0.1 to 10 parts by weight, based on 100 parts by weight of ttie absorbent resin 
powder (A), ttioughtti amount Is variable witti tti kind and partide size of ttie absorbent resin powder (A) to 
be used. If the amoutof ttie hydrophflic organic solvent (D) exceeds 60 parts by weight, ttie xcess is not obser- 
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ved t give a proportionate addili n to the effect aim d at but is suffered to Impair the economy by Increasing 
the amount f energy t be spent for the purp se of drying. For this inv ntion.theus ofthe hydrophOi organi 
solvent (D) is not atwaysn cessary becaus themixlur of the absorbent resin powder (A) with the cross^lnWng 
agent (B) Is carried out by the use of a specific high-spe d storing type mixer which will b d scribed more 
fully hereinafter. There are times when the use of the hydrophilic organic solvent (D) will result In an enhanced 
effect of thte invention, depending on the kind and the amount of the cross-linking agent (B) or on the amount 
of water (C) or the kind and the particle size of the absorbent resin powder (A) to be used. If the mixing of the 
absort)ent resin powder (A) with the cross-linking agent (B) is Insufficient, for example, if the particle size of 
the absort)ent resin powder (A) and If the amount of water (C) to be used is larger compared to the amount of 
the cross-linking agent (B) to be used, the effect of the present Invention is apt to be obtained by using a com- 
paratively smalt amount of the hydrophilic organic solvent (D). 

In this invention, the mixing of the absortient resin powder (A) with the cross4inklng agent (B) is carried 
out by the use of a high-speed stining type mixer which Is provided with an inner surface formed substantially 
of a substrate (I) possessing a contact angle of not less than about 60' with respect to water and a heat distortion 
point of not lower than about 70*C, preferably not lower than about 100*C. 

The high-speed stirring type mixer to be used in the present invention has at least one stirring shaft pos- 
sessing at least one sUning blade, and can be rotated at not less than about 600 m/minute of the lead-end 
peripheral speed of the stirring blade. 

The high-speed stirring type mUers include mixers of the type provided on the bottom inside a stirring tank 
thereof with rotary blades such as, for example, Henschel Mixer [produced by Mitsui Miike Machinery Co.. Ud J. 
New Speed Mixer [produced by Okada Seiko K.K.] and Heavy-Duty Matrix [produced by Nara Kikal Seisakusho 
K K ] and mixers of the type capable of (continuously) mixing two or more kinds of powder or a powder with a 
liquid by the high-speed rotation of a rotar provided with a multiplicity of paddles and disposed InsMe a cylin- 
drical container such as, for example, Turt)ulizer and Sand Turt)0 (both produced by Hosokawa Micron K.K.). 
Among these high-speed sUrring type-muers, a continuous type mixer is preferable because of its high pn>. 

ductivity. ^ . , e^.i** 

The Turtiulizer, for example, has a lining of substrate (I) fonned on the inner surface of or a sleeve 5 of the 
substrate (1) inserted in a horizontal cylindrical main body 4 which is provided with an absorbent resin powder 
inlet 1 an absort)ent resin powder outlet 2, and a treating liquid inlet 3 as niustrated in Fig.1. The main body 4 
is provided therein with a high-speed rotary paddle 6. Optionally, a lining of substrate (I) Is fomied on the inner 
surface of or a sleeve 8 of the substrate (i) Is inserted In the absortDent resin powder outlet 2. 

As already pointed out. it is essential that the high-speed stining type mbcer to be used in thfe invention 
should be provided with an inner surface fonned substantially of a substrate (i) possessing a contact angle of 
not less than about 60" with respect to water and a heat distortion point of not lower than about 70*»C. 

If the contact angle of the substrate (i) relative to water is less than about 60^ the mixing of the absort)ent 
resin powder (A) with the cross-linking agent (B) does not take place ideally, if the heat distortion point Is lower 
than about 70'C, the substrate (I) is incapable of withstanding the heat to be generated during the course of 
mixing, with the result that no stable mixing can be continued. 

The substances which are usable as the substate (I) for the fonnation of the inner surface of the mbcer 
include synthetic resins such as polyethylene, polypropylene, polyester, polyamide. fluorine resin, polyvinyl 
chloride, epoxy resin, and silicone resin and the synthetic resins mentioned above which are complexed and 
reinforced with inorganic fillers such as glass, graphite, bronze, and molybdenum disulfide and organic fillers 
such as polyimlde. for example. Among other substances mentioned above, fluorine resins such as 
polyethylene tetrafluoride, polyethylene irifiuoride, polyethylene trifluorochloride, ethylene tetrafluonde-ethy- 
lene copolymer, ethylene trifluorochloride-ethylene copolymer, propylene pentafluoride-ethylene tetrafluonde 
copolymer, perfluoroalkylvinyl ether-ethylene tetrafluoride copolymer, polyvinylldene fluoride, and polyvinyl 
fluoride, for example, are particuiariy preferable. 

The high-speed stirring type mbcer to be used in this invention may have the mixer itself formed <rf the sub- 
strate (I) mentioned above. GeneraUy, the mbcer is fonned of a metal material and has the inner wall there^ 
lined with a coating of the substrate (I) or covered witti a sleeve of the substrate (1) or covered with a sleeve of 

the substrate (I). . , . . w /iv 

Preferably, a shaped material, more preferably a shaped cylindrical matenal comprising the substrate (I) 

is inserted Into the high-speed stirring type mbcture. 

Further, the shaped material of the substrate (I) has preferably not less than 5 mm, more preferably not 
less than 10 mm of thickness. When the absort)ent resin powder (A) is mixed with the cross-linking agent (B) 
for a long time, if the mixer wherein the inner surface of the mixer Is coated with the substrate (I) is used the 
layer of the substrate (I) is defaced because of insufficient thickness within a comparatively short time and the 
foundation ippears. so the mbcing becomes unstable. In addition, the coating lay r requires more time and cost 
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wh n it is repaired. On the contrary, when the shap d material of the sul)strat (I) having n t less than 5 mm 
of the thickness Is detachably Inserted into the mixer, the mixture can be stably obtained even for a long lime, 
and the repairing can be easily earn d uL 

Japanese Patent Laid-Open SHO 61(1986)-16,903 discloses a m thod which comprises mixing an absor- 

5 bent resin powder, a cross-linking agent, and water or an aqueous compound prepared by substituting a 
hydrophilic oiganicsolvent for water by the use of a rotary paddle type mUerand subjecting the resultant mixture 
to a heat treatment thereby inducing cross-linking of molecular chains near the surface regions of the partides 
of the absorbent resin powder. It has been found, however, that the rotary paddle type mbcer not provided with 
the inner surface formed of the substrate (I) mentioned above is incapable of attaining ideal mixture of the absor- 

10 bent resin powder (A), the crosslinking agent (B). water (C). and the hydrophilic organic soWent (D). When the 
absorbent resin powder (A) and the cross-linking agent (B) are mbced by the use of the rotary paddle type mUer 
under the condittons for manifestation of the effect of this Invention, namely when the mUlng Is carried out in 
the presence of 0.5 to 40 parts by weight of water (C) based on 100 parts by weight of the absorbent resin 
powder (A), the materials being mbced adheres strongly to the inner wall of the cylindrical vessel, the state of 

IS this adhesion changing from time to time, rendering it impossible to control the condition of mixture at a fixed 
level at all times. 

If this adheston gains in strength, the mbcer is overburdened in a large measure and. in an extreme case, 
brought to a stop. Further, since the mbcing does not proceed in an ideal state, the produced absorbent is defi- 
cient in absorption rate under pressure, water retaining property under pressure, and liquid permeability. 

20 Although the exact reason why the absorbent obtained by the present inventton can enjoy the extremely 
higher performance than the standard which can be expected based on the above mentioned known technol- 
ogy, it is thought that the reaction of the a bsorbent resin powder (A) with the crosslinking agent (B) is the reaction 
under mteroscoptealty heterogeneous state in addition to microscopical honrwgenuity of the mbcing of the absor- 
bent resin powder (A) with the crosslinking agent (B). 

25 In the present invention, when the absorbent resin powder (A) and the crosslinking agent (B) are mixed 

by the use of the high-speed stirring type mixer, they may be used in conjunction with a water-insoluble fine 
powder (hereinafter referred to as "powder (E)"). The additional use of the powder (E) serves the purpose of 
amply heightening the effect of mixing. 

The water-insoluble fine powders (£) which are usable herein include organic powders such as carbon 

30 black and activated carbon which are effective in improving the lightfestness of the absort>ent resin and also 
capable of producing an odorizing effect, and pulp powder, and Inorganic powders such as talc, pyrophylite, 
kaotinite, hulsite. and other similar day minerals, and AerosO 200 (produced by Nippon Aerosil K.K) comprising 
mainly of silicon dtoxide partides having an average partide size of not more than 50 yttn, and carplex#80 (pro- 
duced by Shtonogi & Co., Ltd.). for example. The particle size of these water insoluble fine powders (E) is in 

35 the range of not more than 1000 jim, preferably not more than 100 nm, more preferably not more than 50 jim. 

The amount of the water-rnsoluble fine powder (E) to be used is in the range of 0.01 to 10 parts by weight, 
preferably 0.01 to 5 parts by weight, based on 100 parts by weight of the absorbent resin powder (A). So long 
as the amount is in the range menloned above, the absorbent which excels in absorption rate under pressure, 
water retaining property under pressure, and liquid pemeability can be obtained efficiently. If this amount 

40 exceeds 10 parts by weightthe excess does not produce any proportionate addition to the effect but rather 
Impairs the afc»sorption capadty. Especially, according to the present invention, the absorbent resin having 
higher water retaining property under pressure can be preferably obtained by using water (C), but if the anr)ount 
of vrater (C) to be used is too large, mixing of the absorbent resin powder (A) with the crosslinking agent (B) 
becomes fnsufRdent In such a case, additfon of a small anwunl of the water insoluble fine powder (E) sonrie- 

45 times improves the mixing property. Espedally. when both water Insoluble powder (E) and hydrophilic organic 
solvent (D) are used, the improvement in the mbcing becomes higher. 

When the absorbent resin powder (A) and the crosslinkfrig agent (B) are nrUxed in conjunction wfth the wa- 
ter-insoluble fine power (E), this powder (E) may be directly fed to the high-speed stirring type mbcer simyarty 
to the absorbent resin powwler (A) and the crosslinking agent (B) so as to parfidpate in the mixing from the begi- 

50 nning. Optionally, the powder (E) may be prembced with the absorbent resin powder (A) in a varying mbcer and 
then the resultant premix and the crosslinking agent (B) may be fed to the high-speed stining typ mixer to be 
mbced therein. Alternatively, the powder (E) may be mbced with the crosslinking agent (B) to obtain a mbcture. 
and than the mbcture may be mbced with the absorbent resin powder (A). When the powder (E) is used, as well 
as when it is not used, the mbcing may be carried out In the presence of water (C) and /or the hydrophilic organic 

55 sdvent (D). Particularty. water (C) at times serves the purpose of enhancing the effect derived from the use of 
the powder (E). 

Th method of treating the surface of the present inv ntton can be attained by mbcing the components (A) 
to (E) and reacting the surface region f th absorbent resin powder (A) with the crosslinking agent (B). In such 
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case th reaction with the crosslinking agent (B) may be carried out during and/or after mixing. Vtfhen the reac- 
tion necessitates appllcati n of heat as when a polyhydric alcohol, a polyglyddyl compound, a polyamlne com- 
pound or a polyoxazoline compound Is used as th crosslinlting agent (B). the heat treatment is desired to be 
carried out after the absorbent resin powder (A) and the crosslinking agent (B) have been mU d. The terr^>8ra- 

5 ture of the heat treatm nt Is generally in th range of 40" to 250«C. preferably In the range of 90» to 2S(W. 
When a pdyaziridlne compound, a pdyisooyanate compound, or a polyvalent metal compound is used as the 
oosslinking agent (B). though the heat treatment is not particulariy necessary, it may be performed for the pur- 
pose of further ensuring the reaction. ^ ^ . Tfc A^^r^^t^t, 
The heat treatment can be carried out by the use of an ordinary drier or heating fiimace. The dners which 

10 are usable for the heat treatment include a horizontal stWng drier, rotary drier, disc drier, a kneading drier, a 
iluidized-bed drier, an air-current drier, and an infrared drier, for example. The heal treatment may be started 
immediately after the completion of the mixing or after the product «rf the mature has been left standing fbr a 

'"*^lhoug*hthe reaction of the absorbent resin powder (A) with the crosslinking agent (B) may be carried out 
IS under the oonditton of either stirring or non-stlnrlng. the reaction under the condition of the stining is preferable 

because the reaction can proceed homogeneously. . ., ^ 

The temperature of the heat treatment is as already described. When a polyhydric alcohol Is used as the 

crosslinking agent (B) and the heating temperature is selected in the range of 90» to 250-C. preferably about 

170" to about 220"C, the crosslinking reaction enough for sufficient manifestation of the effect of this Invention 
20 can be effected qutekly without entailing the possiblity of the absortjent rosin being colored or deteriorated, it 

should be noted parenthetically that when the heat treatment is carried out at a high temperature exceeding 

aSO^C the absorbent resin may succumb to themnai deterioration, depending on the kind of the resin. 

When the absorbent resin powder (A) is reacted with the crosslinking agent (B). the effect of the present 

Invention can be exhibited more remarkably by reacting until the time when the reactfon is completed. The dme 
25 when the reaction is completed is the time which satisfies the equations (a-1 ).(a-2). (b-1) or (b.2) (Where the 

water-insoluble fine powder (E) Is not used during the course of mixing) 

30 a 0°° + X ^ X 100g 95 (a-1) 
100 p 

preferably 

30 40 s flOO+Blx 3.x 100S 80 (a-2) 

100 p 

wherein P is absorpUon capacity of absortjent resin powder(A) using physiological saline solution. Q Is absorp- 
tion capacify of resultant treated absort)ent resin using physiological saline solutton. and R is the amounUn 
parts by weight, of cross-linking agent (B) to be used based on 1 00 parts by weight of absorbent resin powder 
35 (A). (Where the water-insoluble fine powder (E) is used during the course of mixing) 

30sil02_±J|Ji-§lx Jxi0OS95 (b-1) 

preferably 

40sd00±^J^X^X100S80 (b-2) 

wherein P is absorption capacity of absortjent resin powder(A) using physiological saline solution. Q is absorp- 
don capacity of resultant treated absorbent resin using physiological saline solution. R is the amount m parts 
by weight, of cross-linking agent(B) based on 100 parts by weight of absort)ent resin powder (A), and S is the 
amount, in parts by weight, of water-insoluble fine powder (E) based on 100 parts by weight of absort>ent resin 

45 ''"'"'Ij^^^^^^^g^ conunued until the calculaSon value of the above mentioned equations (a-1) or (b-1) 
becomes not more than 95. the absortjent ttius obtained is increased in absorption rate under pre^re and 
water retaining property under pressure, it Is more preferable that the reaction is prooseded *e J^J"* 
becomes not more than 80. Eapedally. when a polyhydric alcohol Is used as the cross-linking agent (B). absorp- 
tion rate under pressure and water retaining property underpressure was Insufficient by the conventional technh 
ques. but the absort>ent obtained by the present Invention has excellent ebsorpHon rate under pressure and 
water retaining property under pressure. i.i^eth=n-»n 
On the contrary. If the calculation value of ttie above mentioned equation (a-1) or-(b-1)-is less than 30. 
the cross-linking becomes excess In attainment of the appropriate cross-linking effect, and the absort»ent thus 
obtained becomes lower in the absorptton capacity. 

The absortjent obtained by the present invention shows high absorption rate under pressure and high liquid 
permeabHIty and is excellent in water retaining property under pressure. . . ^ ,^ 

Therefore, the absortjent is useful not only as one of the component matenals of su h sanitary arttales as 
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sanitary napkins and disposable diapers but also as a coagulant for sludge, as a dew-drop proofing agent f r 
buflding materials, as a water-proofing agent for agriculture and horicultur . and as a dryer. 

Now, the present invention wfll be described more specifically with reference to working xamples. It should 
be noted, however, that the scope of this inv ntion is not limited to these examples. 

6 

Example 1 

A Jacketed twin arm type kneader of stainless steel measuring 10 liters in inner volume, 220 mm X 240 
mm In the opening, and 240 mm in depth, and provided with two Sigma type blades possessing a rotational 

io diameter of 1 20 mm was stoppered with a IW. Into this kneader, a monomer component containing 5.500 g of 
an aqueous solution of sodium acryiate possessing a neutralteation ratio of 75 mol% and 1 .36 g of trimethylol 
propane triacrylate 0.020 mol% based on sodium acryiate possessing a neutralization ratio of 75 mol%) (the 
monomer concentration 37% by weight in the aqueous solution) was introduced and nitrogen gas was blown 
to displace the air entrapped inside the reaction system. Then, the two Sigma type blades were set rotating at 

iS rates of 46 rpm and, at the same time, the jacket was heated by passage of hot water at 35«C. As a polymeri- 
zation initiator, 2.8 g of sodium persulfate and 0.14 g of L-ascorbic acid were added. Polymerization started 
four minutes after the addition of the polymerization Initiator. The peak temperature inside the reaction system 
reached 82*'C after the elapse of 15 minutes following the addition of the polymerization iniUator. The hydraled 
gel polymer had been divided into minute particles about 5 mm in size. The stirring was further continued. The 

20 lid was removed from the kneader 60 minutes after the start of the polymerization and the gel was removed 
trom the kneader. 

The minute particles of hydrated gel polymer thus obtained were spread on a 60-mesh metal gauze and 
dried with hot air at 150*»C for 90 minutes. The dried minute particles were pulverized with a hammer type 
crusher and sifted with a 20-mesh nrtetal gauze to obtain a 20-mesh pass portion (absorbent resin powder (A-1 )] 
25 In a TurtJulizer 1 (produced by Hosokawa Micron K.K.) fitted with an inner tube 5 made of polytetraf- 

luroethylene (contact angle 114«C and heat distortion point 12rC) having 10 mm in thickness as shown in 
ng.1. the absorbent resin powder (A-1) was changed continuously from a powder inlet 2 and a liquid mixture 
of glycerol and water was continuously charged from a liquid inlet 4 at a rate of 1 part of glycerol. 3 parts of 
water, gnd 1 part of isopropanol per 100 parts of the absorbent resin powder (A-1 ) and the mixture was mixed. 
30 The rotation number of the stirring blade of the Turbulizer was 3,000 rpra 

The resultant mixture discharged from an outlet 6 was charged into a bowl dipped in an oil both (ISS^'C) 
and was subjected to heat-treatment for 40 minutes under stirring to obtain an absort>ent (1). 

The absortjent resin powder (Ar1) and the at>sorbent (1) obtained as described above were tested for (I) 
absorption capacity, (ii) water-retaining property under pressure 1 0 min and 30 min, and (lii) Ikjuid permeability 
35 as follows* 

(i) Absorption capacity: A pouch (40 mm X 150 mm)made of non-woven fabric after the fashion of a tea 
bag and filled evenly with about 0.2 g of a sample of absortjent resin powder (A-1) or absorbent (1) was 
immersed in an aqueous 0.9 % NaCI solutton for 60 min removed from the solution, left draining for 5 sec, 
further removing water on 24 folded toilet paper having 60 cm for 10 seconds and weighed. 



40 



. Absorption Weittht afeter abs orDtion(g)'-Blank(g) 

Capacity(g/g) ' Weight of absorbent resin(g) 



(ii) Water-retaining property under pressure: The test for the water-retaining property under pressure was 
carried out by the use of an apparatus configured as shown in Fig.2. The upper end 22 of a buret 21 was 
stoppered with a plug 23 and a measuring stand 24 was set flush with an air Inlet 25. On a glass filter (No.1 ) 
26 70 mm In diameter placed in the measuring stand 24, a filter paper. 0.20 g of a samfrie of absorbent 
resin powder (A-1) or absorbent (1), and a filter paper 27 were superposed and a weight of 0.2 psi was 
mounted thereon. The sample as sandwiched between the fflter papers was left to absort>ing synthetic urine 
(containing 1.9% of urea, 0.8% of NaQ, 0.1% of Caaj. and 0.1% of MgSO^ for 10 or 30 minutes. At the 
end of the absorption, the volume (A nrfl of the synthetic urine absorbed was measured. 
Water-retaining property=A(ml)/0.20(g) 
under pressure (mf/g) 

(ill) Liquid permeability: The test for liquid permeabHity was carried out by the use of an apparatus config- 
ured as shown in Flg.3. A model diaper was prepared by uniformly scattering 4.0g of a sample of absorbent 
resin powder (A-1) or absorbent (1) 34 on a bed of 12g of pulp 33 140mm X250mm. In area, superposing 
12 g of pulp 33a on the scattered sampi , and pressing the superposed layers under a load of 2kg/cm*. A 
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weight 32 f 0^ psi measuring UOmm X 250mm in area and provid d at the center th ©roof wfth a synthetic 
urin 31 was mounted n the model draper. Then 100 m! of the synthetic urin was poured into th model 
diaper. After standing for 30 minutes, further when 1 50 ml of a synthetic urine Is introduced, the time which 
elapsed before the synthetic urine dtsappered from the tnl t was cloked. 

(V) calculated value of formula: Water cont nt (105-C, 3hrs) of the al>sort>ent powder (A-1 ) was 2% (wet 
basts) , the value P/0.98=P' was inserted Into the equation {a-1) to calculate the value of the equation. 
Further, water content of absorbent (1) was 0%. 

Exampe 2 

A simSar method to Exampe 1 was repeated to obtain an absorbent (2) expect that a Turtjulizer using a 
high density poyethylene hJbe instead of the inner tube 5 was used. A similar test to Example 1 was carried 
out and the results are shown in Table 1. 



IS Control 1 



A similar method to Example 1 was repeated to obtain a control absorbent (1) expect that the Turtjulizer 
without the inner tube 6 was used. A similar test to Example 1 was carried out and the results are shown In 
Table 1. 



Control 2 



A similar method to Example 1 was repeated to obtain a control absorbent (2) expect that a mortar mixer 
provided with a tetrafiuoroethylene-pertiuoroalkyi vinyl ehter copolymer coated inner wall was used instead of 
the Turbullzer used in Example 1 . The stining blade of the mortar mbcer rotated at the maximum rotation number, 
but the leading^nd peripheral speed of the stining blade was 185m/minutes. A similar test to Example 1 was 



carried out and the results are shown in Table 1. 
Example 3 



A pulverized hydrated gel was obtained by the procedure of Example 1. expect that 1.7 g of trimethylol 
propane triacrylate (0.025 moI% based on sodium acrylate posessing a neutralization ratio of 75 mol%) w^ 
used. The gel was dried and croshed by a simOar method as in Example 1 to obtain a powder that passed 
through a 20-mesh metal gauze[absort>ent resin powder(A-2)]. 
35 In a Turt)ulizer 1 fitted with an Inner tube 5 made of polyetetrafluoroethylene (contact angle 114* and heat 

distortion point 121 °C) having 10mm In thickness as shown in Fig.1, 100 parts of the abort>ent resin powder 
(A-2) was charged continuously from a powder inlet 2 and a liquid mixture of 0.1 part of ethylene glycol diglyckJyl 
ether, 8 parts of water and 1 part of isopropanol was charged from a liquid inlet 4 and the mixture was mbced. 
The resultant mixture discharged from an outlet 6 was charged into a bowl dipped in an oil bath 120«'C) 
40 and was subjected to heat-treatment for 60 minutes under stirring to obtain an absort3ent(3). 

The absort)ent resin powder (A-2) and the absorbent (3) obtained as described above are tested by a 
method similar to Example 1 and the results are shown in Table 1. 



Example 4 



100 Parts by weight of the absortjent resin powder (A-2) was mixed with 0.5 parts by weight of the water- 
insolutrie fine silica("Aerosil 200^ a trade name of a product of AerosO Co.. Ltd.) in a V-type mixer to obtain an 
absoibent resin power B. ^ ^ ^ 

A sinflar method to Example 3 was carrfed out to obtain an absorbent (4) except that the absort)ent resin 
50 power 6 was used Instead of the absorbent resin power (Ar2). A similar test to Example 1 was carried out and 
the results are shown in Table 1 . 
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Claims 

1. A method of tr ating the surface of an absorbent resin, which comprises mixing (A) 100 parts by weight of 
an absorbent resin powder possessing a carboxyl group, (B) 0.01 to 30 parts by weight of a cross-linking 
agent (C) 0 to 60 parts by weight of water, and (D) 0 to 60 parts by weight of a hydrophilic organic solvent 
In a high-speed stirring type mbcer provided with an Inner surface formed substantially of a substrate (I) 
possessing a contact angle of not less than about 60* with respect to water and a heat distortion point of 
net lower than about 70*»C and completing reaction of said absorbent resin powder (A) with said cross-link- 
ing agent (B). 

2. A method according to claim 1 , wherein said inner surface is a shaped material of saM substrate (0 detach- 
ably inserted into said mbcer. 

3. A method according to claim 2, wherein said inner surface of the high-speed stirring type mbcer has a thick- 
ness of not less than 5 mm. 

4. A method according to daim 2, wherein said shaped material is cylindrical. 

5. A method according to claim 1 . wherein said substrate (I) is one member selected from the group consisting 
of polyethylene, polypropylene, polyesters polyamides, fluorine resin, polyvinyl chloride, epoxy resin, and 
sQIcone resin. 

6. A method according to daim 5, wherein said substrate (I) is a fluorine resin. 

7. A method according to da&n 1, wherein said crosslinking agent (B) is a compound which possesses at 
least two functional groups capable of reacting with a cartxjxyl group in the molecular unit thereof. 

8. A method according to daim 7, wherein said crosslinking agent (B) is selected from the group consisting 
of polyhydric alcohol compounds, polyglyddyl ether compounds, polyoxazoline compounds, and 
polyamine compounds. 

9. A method according to daim 1 , wherein said crosslinking agent {B)is used in an amount in the range of 
0.1 to 10 parts by weight, based on 100 parts by weight of said absorbent resin powder (A). 

10. A method according to claim 1 . wherein said water (C) is used In an amount In the range of 0.5 to 40 parts 
by weight, based on 100 parts by weight of said absorbent resin powder (A), 

11. A method according to daim 1, wherein said hydrophflic organic solvent (D) is used in an amount in the 
range of 0.1 to 1 0 parts by weight, based on 1 00 parts by weight of said absorbent resin powder (A). 

12. A method according to daim 1 . wherein said water (C) is used in an amount in the range of 0.5 to 40 parts 
by weight and said hydrophilic organic solvent (D) Is used in an amount in the range of 0.1 to 10 parts by 
weight per 100 parts by weight of said absorbent resin powder (A). 

13. A method according to daim 7, wherein the time for completion of the reaction Is the time that satlafies the 
following equatkMi (a-1): 

30^fl^±Bix^X100fi95 (a-l) 

100 p > r\t^ 

Wherein P Is absorption capadty of absorbent resin powder (A) using physiological saline soluHon. Q is 
absorption capadty of the resultant treated absorbent resin using phystological saline solutton.and R is the 
amount, in part by weight, of said cross-linking agent (B) based on 1 00 parts by weight of saki absort)ent 
resin powder (A). 

14. A iTwthod according to claim 13. wherein the time for completion of the reaction is the time that satisfies 
the following equation (a-2): 
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40 s OQQ^^) X ^ X 100^ 80 (a-2) 
100 p 

15. A method according to daim 7, wherein said the reaction temperature is in the range of 40' to 250'C. 

16. A method according to claim 7, wherein said crosslinking agent (B) is polyhydric alcohol compounds. 

17. A method according to claim 16. wherein 100 parts l>y weight of said absorl>ent resin powder (A). 0.1 to 
1 0 parts by weight of said crosslinking agent (B), 0.5 to 40 parts by weight of water (C) and 0 to 60 parts 
by weight of said hydrophilic organic solvent (D) are mixed, and the reaction is carried out until the reaction 
is completed, wherein the time for completion of the reaction is the time that satisfies the following equation 
(a-1): 

30 s (1004-R) X Q X 100S 95 {a-1) 
100 p 

wherein P is absorption capacity of absorbent resin powder (A) using physiological saline sblution. Q is 
absorption capacity of the resultant treated absorbent resin using physiological saline solution, and R is 
the amount,in part by weight.of said cross-linking agent (B) based on 1 00 parts by weight of said absorbent 
resin powder (A). 

18. A method according to claim 17, wherein the time for completion of the reaction is the time that satisfies 
the following equation (a-2): 

40^Iie?-LBixSxi0OS80 {a-2) 
100 p 

19. A method according to claim 16, wherein the reaction temperature is in the range of 90' to 250**C. 

20. SubstantlaHy water-insoluble, absorbent, hydrogel-forming, polymer produced In accordance wltii the 
method of daim 1, 7, 13, 16 or 17. 

21. A mettiod according to claim 1, wherein mbcing of said absorbent resin powder (A) with said cross-linking 
agent (B) is carried out in the presence of 0.01 to 10 parts by weight of a water-Insoluble fine powder (E) 
based on 1O0 parts by weight of said absorbent resin powder (A). 

22. A motiiod according to cla&n 21, wherein the time for completion of the reaction is the time that satisfies 
35 the following equation (b-1 ): 

30^ (100 + R^-S) xgxi00g95 (M) 
1 00 P 

wherein P fs absorption capacity of absorbent resin powder (A) using physiological saline solution, Q is 
absorption capacity of the resultant treated absorbent resin using physiological saline solution, and R is 
^ the amount* in part by weight, of said cross-linking agent (B), and 9 is the amount, parts by weight, of sakl 

water-Insoluble fine powder (E), based on 100 parts by weight of said absorbent resin powder (A). 

23- A mettiod according to claim 22. wherein Vtxe time for completion of the reaction Is the time that satisfies 
the following equation (t>-2): 
45 40g 000 +^ S> xgxi00^80 (b-2) 
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24. A method according to daim 21 , wherefei said absorbent resin powder (A) Is 100 parts by weight, saW cross- 
linking agent (B) Is in the range of 0.1 to 1 0 parts by weight, said water (C) Is in the range of 0.5 to 40 parts 
by weight, said hydrophOic organia sdvent (D) is in the range of 0 to 60 parts by weight, and said water- 
insoluble fine powder (E) Is in the range of 0.01 to 10 parts by weight 

25. A method according to claim 24. wherein said hydrophinc organic solvent (D) is used in the range of 0.1 
to 10 parts. 

26- A method according to daim 24, wherein said water-insoluble fine powder (E) is used In the rang of 0.01 
to 5 parts by weight 
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27. A m thod according to daim 21. wherein said crosslinking agent (B> is polyhydric alcohol comp unds. 

28. A m thod according to claim 27. wherein the time for completton of the reaction is the tbne that satislies 
the following equati n: 

3Q^£IOO_+RiSlxixiOOS95 (b-1) 
100 r 

wherein P is absorption capacity of absorbent resin powder (A) using physiological saline Glutton Q to 
absorption capacity of the resultant treated absorbent resin using physiological saline f» "U'^'. f « » 
the amount. In part by weight, of said cross-linking agent (B). and S to the amount, parts by weight of said 
water-insoluble fine powder (E). based on 100 parts by weight of said absorbent resin powder (A). 

29. A method acconling to claim 28. wherein the time for completion of the reaction Is the time that satlsfles 
the following equation (b-2): 

40s£m+_RiSlx§xi00S80 (b-2) 
100 P 

30. SubstantiaUy water-insoluble. absorbent hydrogel-fomiing polymer, produced in accordance with the 
method of daim 21. 22. 27, or 28. 
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(g) lAethod of treating the surface of an absorbent resin. 

(g) A method of treating the surface of an absor- 
bent resin, which comprises mixing (A) 100 
parts by weight of an absorbent resin powder 
possessing a carboxyl group, (B) 0.01 to 30 
parts by weight of a cross-linking agent. (C) 0 to 
50 parts by weight of water, and (D) 0 to 60 parts 
by weight of a hydrophaic organic sohrent in a 
h^h-speed stirring type mixer provided with an 
Inner surface fbnned substantially of a sub- 
strate (I) possessing a contact angle of not less 
than about 60° witti respect to water and a heat 
distortion point of not lower than about 70**C 
and completing reaction of said absorbent resin 
powder (A) with said cross-linking agent (B). 
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EP-A-0 318 989 (CHEMISCME FABRXK STOCKHAUSEN 
GMBH) 

* p«a> 3. line 7 - Una 58; claln 1 • 

US-B-494 440 (GROSS) 

* clalnft 1-9 * 
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